Summary.-We have maintained in culture, for a prolonged period, untreated hamster cells from whole embryo, foetal brain and lung from newborn animals. Among the 7 lines studied we observed only one spontaneous transformation during the first year of culture. The cells of the 6 other control lines remained normal and diploid, and were not transplantable during the first 9 to 12 months of culture. After the 12th month, changes appeared in their in vitro behaviour and their transplantability: grafts of 0*5-2 x 106 cells induced tumours in the hamster; fewer cells did not.
In vitro chemically transformed hamster cells were fundamentally different from untreated cells of the same origin, not only in morphological and growth characteristics but also in transplantability: of the 9 lines obtained, 7 induced tumours after injection of 101-104 cells, and 2 after injection of 105 cells per animal.
ACCORDING to several authors, normal diploid hamster cells survive only 2 to 3 months in culture (Berwald and Sachs, 1965; Borek, 1976) . After this time the cells become abnormal and their mitotic index decreases. Borek (1976) also observed spontaneous transformation of control cells after 3 months of culture. Di Paolo and Donovan (1967) found that even if they subcultivated the control culture irregularly (often only once every 2 to 3 months) cells did not survive more than 9 months. Todaro and Green (1964) and Matsuya and Yamane (1970) , using an albuminfortified medium, obtained longer survival of cells. The latter authors found that hamster lung cells remain normal for 30 cell generations (i.e. for 3-4 months). Changes in ploidy occurred between the 34th and 45th generations, after which lung cells could survive up to 60 to 150 generations (6-13 months). In the experiments of Matsuya and Yamane (1970) , cells from whole hamster embryos did not survive more than 30 generations (3-4 months).
In our experiments with chemical transformation in vitro, we used an enriched Eagle's MEM medium and subcultured cells at longer intervals. In this way we were able to maintain untreated cells from whole embryos, foetal brain and lung of newborn animals for 1 to 2 years. These cells could then serve as control lines. In this paper, certain properties of these lines are analysed and compared with those of the chemically transformed cell lines.
MATERIALS AND METHODS
Following the suggestions of Yerganian and Lavappa (1971) we developed an enriched medium: Eagle MEM supplemented with glutamine, non-essential amino acids, 500 foetal and 5% newborn-calf serum, antibiotics and 500 Hepes (Markovits et al., 1974) .
Primary cultures. These were prepared by trypsin dissociation of the minced fresh tissue of whole hamster embryo, foetal brain and baby lung.
Chemicals.-We tested on cells in culture the effects of the following compounds: (a) Carcinogenic conmpounds: 7,10-dimethyl benzo(c)acridine (B.acr. 2 jug/ml); benzo(a)-pyrene (B(a)P, 0 1-0 2 jug/ml); 7,12-dimethyl benz(a)anthracene (DMBA, 0 05 ,ug/ml); 7-methyl benz(a)anthracene (BA, 5-10 jug/ml); 3-methylcholanthrene (MCA, 04 ,ug/ml); and 2-chlorobutadiene (CB, 1 Hg/ml). (b) Non- carcinogenic compounds: 9,12-dimethyl benzo-(a)acridine (B.acr.neg., 2 jug/ml) and benzo-(e)pyrene (B(e)P, 0.1 ,ug/ml). All Subculture.-During the first months of culture, the growth rate of both of untreated and chemically treated hamster cells was very low. During this period cells were subcultured every 3-4 weeks. In most cases, more frequent subculturing resulted in loss of the cells. After morphological transformation (3-4 months following treatment) and particularly after manifestation of malignancy (6-7 months following treatment) the growth rate increased, and the cells had to be subcultured at least every 10-14 days (Markovits et al., 1975a, b) .
Chromosomes.-Chromosomes were studied durinog the logarithmic growth phase. The cells, seeded 24-48 h earlier, were treated for After trypsinization, the cells were kept for 7 min at 37°C in 0-075M KCI. After fixation in an acetic acid-alcohol mixture, they were centrifuged. This procedure was repeated twice. The pellet was resuspended in fixative and placed drop by drop on cold, damp slides. The slides were then dried and stained with a solution of Giemsa (diluted 1 : 50 in phosphate buffer, pH 6 8).
Graftings.-In order to check the condition of the cells, subcutaneous or intraocular grafts were regularly made . To do this, cells were trypsinized and then injected in a volume of 0-025 ml of PBS per animal. Newborn animals were used for the subcutaneous grafts, adults for the intraocular.
RESULTS
Transplantability of untreated control cells Table I summarizes the data accumulated on the transplantability of untreated control cells.
Five lines from whole embryo, one line from foetal brain, and one from lung of young animals, were maintained in vitro for 1 to 2-years. During this long period of culture the different control lines behaved similarly. We could distinguish two periods: in the course of the first year, they generally kept their normal characteristics, and during the second year, underwent some changes which could constitute steps leading towards malignancy. Table I shows that 6/7 control lines studied remained normal for the first 9-12 months (on average 17 population doublings) in vitro, and they did not form tumours in hamster, even after grafts of 2 x 106 cells per animal. In this first period, only one line (T59) originating from whole hamster embryo, gave rise to a tumour after 15 population doublings in hamster.
We have been able to maintain control cells in culture, sometimes up to 30 months (40 population doublings). During this second period (2nd and 3rd year of culture) control cells behaved similarly, whatever their origin: if a large number (0-5-2 x 106) of cells were grafted, tumours formed in some animals, but generally after a longer latency than usually observed for chemically transformed malignant cells. A graft of less than 0-5 x 106 cells did not generally produce tumours (Table I) .
Transplantability of whole embryo cells treated with non-carcinogenic compounds
We have studied the transplantability of whole embryo cells treated with 9,12-dimethyl benzo(a)acridine and benzo(e)- pyrene, compounds which are not carcinogenic in vivo. Table II shows that the transplantability of cells treated with noncarcinogenic compounds is similar to that of the untreated control cells. Cells treated with non-carcinogens are not transplantable during the first year and undergo changes from the second year of culture on.
The two compounds studied, which are not carcinogenic in vivo, do not cause transformation in vitro either. However, the non-carcinogenic chemicals were as toxic for the cells in culture as their carcinogenic isomers. We studied the toxic effects of the carcinogenic 7,9-dimethyl benzo(c)acridine and those of its noncarcinogenic isomer, 9,12-dimethyl benzo-(a)acridine, and did not find any detectable difference between the toxic effects of the two isomers.
Treatment of different hamster cells with carcinogenic compounds
To compare the results of these experiments with those described in the preceding paragraphs, both the first appearance of malignancy and the degree of chemically induced malignancy must be considered.
(a) Hamster cells of different origins were treated with compounds which are carcinogenic in vivo: polycyclic hydrocarbons, a hetero-cyclic compound, and chlorobutadiene. All these carcinogenic chemicals induced malignant transforma- tion of the hamster cells (Markovits et al., 1975a . In 7 cases, the malignancy manifested itself on average 6 months after treatment, corresponding to 8 population doublings (Table III) . After treatment with dimethylbenz(a)-anthracene (DMBA), we observed, in both whole embryo and baby lung cells, a relatively late appearance of malignancy (9 and 18 months; 18 and 27 population doublings respectively). Similar results were obtained in our recent experiments with DMBA-treated hamster brain cells. DMBA is a very potent carcinogen in vivo, but it is highly toxic in vitro. We could therefore use only a minimal concentration (0.05 ig/ml) of the compound. If this concentration is not optimal, that might be one of the reasons for the slow evolution of transformation process.
(b) Table IV shows the degree of malignancy of hamster cells transformed in vitro with chemical compounds. In order to determine the degree of malignancy, we grafted various numbers of these cells, and have thus been able to define for each line the minimum number required to produce tumours in a majority of the animals. Whole-embryo cells were grafted s.c., the other two types intraocularly.
Of the 6 transformed lines from whole embryo, 4 are highly malignant and produce tumours after grafts of 10 to 1000 cells, while the other two are weakly malignant and require grafts of at least 100,000 cells to produce tumours.
The lines originating from hamster lung and transformed by DMBA and 2-chlorobutadiene and from foetal brain cells transformed with benzo(a)pyrene are also (Table V) .
After one year of culture, the properties of control cells from whole embryo were very similar to those of secondary cells: there was no observable morphological change; 93% of the cells remained diploid; they were not transplantable; their saturation density, however, doubled. After 2-years, the morphology of the control culture remained normal, but the saturation density tripled with respect to one-year-old cultures. The cells remained near-diploid (Fig. 1) . When inoculated in semi-solid medium, only a small percentage of the cells formed three-dimensional colonies. At least 2 x 106 cells had to be grafted to produce tumours.
The whole-embryo cells transformed with benzo(a)pyrene (B(a)P) and 7-methyl benzo(a)anthracene (BAIO) showed morphological changes: the cells became spindle-shaped, overlapped and crisscrossed. Their saturation density (especially of the B(a)P line) was very high. In addition, 80% of the cells of the B(a)P line are heteroploid. After 1-years of culture, the B(a)P-transformed cells yielded 100 x more colonies in agar than the control cells after 2-years. Grafts of 500 B(a)P-transformed cells produced tumours. As for the BAIO-transformed cells, a large part of which are triploid (Fig. 1) , 1000 cells were needed to produce tumours.
One of the properties of the BAI0 cells is that they spontaneously form spheroids in suspension (Levy et al., 1976) . These cells may therefore be an interesting model for radiobiological studies.
To obtain tumours from the 3-methyl- (1965, 1975) We have obtained similar results in our experiments. We could maintain in vitro, in normal state, untreated hamster cells of various origins up to 26 cell generations (at least for 9-12 months), using a well buffered and enriched Eagle's medium (Markovits et al., 1974) . This medium enabled us to maintain low-passage hamster cells-both treated and untreatedwhich grow slowly. Se we could thus subculture them at a low rate: about once every 3-4 weeks. Under the same experimental conditions, chemically treated cells transformed and became malignant, whereas untreated cells kept their normal characteristics and remained nontransplantable. Thereby they provide good negative controls for our transformation experiments.
According to Huberman and Sachs (1966) , toxic and transforming effects are two distinct properties of the chemical carcinogens. Our experiments seem to support this point of view. Sometimes the two properties are convergent: carcinogenic hydrocarbons such as B(a)P, which are very toxic, are also highly transforming in vitro, while others, such as the pollutant 2-chlorobutadiene (CB) are of low toxicity, but are highly carcinogenic (Markovits et al., to be published) .
The non-carcinogenic compounds are sometimes as toxic as their carcinogenic isomers, whereas cells treated with these non-carcinogenic compounds behaved like control cells.
